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Potassium depletion modulates aldose reductase mRNA in rat renal
inner medulla. The organic osmolytes present in renal inner medullary
cells balance the extracellular hyperosmolality and protect the cell against
the effects of high salts and urea. We previously demonstrated that a renal
concentrating defect due to potassium depletion was associated with a
decrease in organic osmolytes including sorbitol. However, we could not
determine whether a reduction in medullary organic osmolyte would be
cause or effect of urine concentration defect associated with potassium
depletion. We focused on the synthesis of sorbitol catalyzed by the
enzyme, aldose reductase. To clarify whether the treatment of potassium
depletion would affect aldose reductase when extracellular tonicity, and
medullary sodium or potassium was maintained at the level of control rats,
we administered a hypertonic solution of NaCI or KCI to potassium-
depleted rats and evaluated aldose reductase enzymatic activity and
mRNA abundance as well as the medullary contents of organic osmolytes.
Either infusion significantly reduced tissue sodium content in potassium-
depleted rats. With KCI infusion protocol but not that of NaC1, sorbitol as
well as aldose reductase mRNA abundance increased to the control level.
Medullary contents of other organic osmolytes exhibited a pattern similar
to sorbitol. Data suggested that aldose reductase mRNA abundance was
reduced in potassium depletion irrespective of medullary sodium content.
A decrease in sorbitol level may precede a urinary concentrating defect.
Our finding constitutes the first demonstration of the relationship between
a potassium deficiency and the abundance of aldose reductase mRNA, an
osmoregulatory protein in the kidney.
During antidiuresis, the mammalian kidney accumulates NaCI
and urea in the papillary interstitium by accelerating the transport
of sodium and the reabsorption of water. Medullary cells are
exposed to interstitial hyperosmolality with high salts and urea,
which they generate. These cells preferentially accumulate or-
ganic osmolytes over inorganic ions in response to extracellular
hyperosmolality [1, 2]. Osmotically active organic solutes protect
the cellular macromolecules and processes from the perturbation
of salts and urea. While medullary organic osmolytes have been
associated with urinary concentration, the relationship between
organic osmolytes and a urinary concentrating defect has not been
well clarified. We recently demonstrated that during water depri-
vation the renal concentrating defect produced by potassium
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depletion was associated with a decreased accumulation of all
organic osmolytes, and differed for conditions of polyuria and
polydipsia in water diuresis animals in which the contents of
organic osmolytes, except for taurine, resembled those in controls
[3]. Sodium infusion failed to increase tissue contents of betaine,
taurine, or sorbitol to the control level in potassium-depleted rats
[3].
As intracellular solutes must be in balance with extracellular
osmolality, the measurement of organic osmolytes in potassium-
depleted rats could not directly determine whether a reduction
in organic osmolytes would cause a concentrating defect
or whether a concentrating defect would reduce the need for
organic osmolytes. Another approach was required to evaluate
the role of the decrease in organic osmolytes to a urine concen-
trating defect, that is, the evaluation of the relationship between
the potassium deficiency and the upstream regulation of organic
osmolytes.
A relationship between potassium and the expression of osmo-
regulatory proteins has been demonstrated in mammalian cells
and bacterial cells [4, 5]. It seems reasonable to speculate that
potassium depletion might affect the expression of genes for the
synthesis or transport of organic osmolytes. To test this hypothe-
sis, we focused on sorbitol, a principal organic osmolytes in the
inner medulla, and on aldose reductase. Sorbitol is synthesized
from glucose, a reaction that is catalyzed by aldose reductase. In
rabbit renal medullary cells, an elevation of medium osmolality by
the addition of NaCI increased the mRNA abundance and
enzymatic activity of aldose reductase as well as sorbitol content.
To clarify the relationship between the expression of aldose
reductase mRNA and potassium depletion, we conducted two
experiments. First, we established that inner medullary aldose
reductase activity and mRNA level were decreased in potassium-
depleted rats followed by four days of water deprivation, which
were associated with a reduction in sorbitol. Secondly, we deter-
mined whether potassium depletion would affect aldose reductase
activity and mRNA abundance, as well as the levels of organic
osmolytes under conditions of infusion of hypertonic sodium or
potassium. The hypertonic sodium infusion was given to apply an
equal amount of sodium to the renal medulla and raise extracel-
lular tonicity. The hypertonic potassium infusion was adminis-
tered to load the hypertonicity to the renal medulla and to restore
the cellular potassium content.
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Methods
Animals
Male Wistar rats weighing 250 to 315 g were used (Charles
River Japan, Kanagawa, Japan). They were separated into two
pretreatment groups, control and potassium-depleted. Subse-
quently, rats in each group were subjected to a water deprivation
protocol or to infusion of NaCl or KCI.
Experimental design
We previously found that the sorbitol content was significantly
reduced in potassium-depleted rats subjected to water deprivation
[3]. Therefore, we first demonstrated the relationship between the
decrease in medullary sorbitol content and the activity or mRNA
abundance of aldose reductase in these animals. Secondly, we
administered the NaCI or KCI infusion to potassium-depleted rats
to determine how potassium depletion would affect the sorbitol
content. With the NaCI or KC1 infusion, the renal medulla was
exposed to the equivalent amount of sodium or potassium, and
the relationship between sorbitol content and other parameters
was tested.
Control rats had free access to food and water for 21 days.
These animals were fed regular laboratory rat chow containing 53
mEq of potassium per 100 g (Oriental Yeast Co., Tokyo, Japan).
Potassium-depleted animals also had free access to food and
water for 21 days, but their diet contained less than 0.5 mEq of
potassium per 100 g (Oriental Yeast Co.). After the three weeks
of dietary pretreatment, the rats were assigned to the water
deprivation protocol, or secondly, to Na or K infusion protocol.
Animals were housed individually in metabolic cages and were
deprived of food from the time of the operation of cannulation
until death, a period of 48 to 96 hours.
In the protocol of water deprivation or no hyperosmosis
(untreated), rats underwent a sham operation of femoral vein
cannulation and were deprived of water for four days, or were
treated the same as the pretreatment period, respectively. In the
protocol for NaCI or KC1 infusion, rats were cannulated in the
inferior vena cava with a polyethylene catheter (PE 10 tube) that
led from the femoral vein to the middle of the back via a
subcutaneous tunnel. These rats were deprived of water and
received continuous infusion of hypertonic NaC1 solution (3.5%
NaC1 solution; 18 mI/day) or of hypertonic KC1 solution (3.2%
KC1 solution; 18 mi/day) for 48 hours before death.
In our previous experiment, we infused 4.08% NaC1 solution to
the animals for 72 hours [3]. As the survival rate of potassium-
depleted rat in the infusion study was 80% when NaCI
concentration was 4.08%, we chose 3.5% NaCl solution in this
experiment. For the aim of observing the levels of sorhitol and of
aldose reductase mRNA simultaneously, the infusion was admin-
istered over 48 hours, based on results of the previous experi-
ments using rabbit renal papillary cells [6, 7].
Urine samples were collected during the three-hour period
prior to sacrifice or, in the dehydrated rats, during the last 12
hours. Animals were killed by decapitation.
Assessment of urine samples
Concentrations of sodium and potassium in urine were mea-
sured with an electrolyte autoanalyzer (TYPE-710; Hitachi, To-
kyo, Japan). Urea was measured with an autoanalyzer (TYPE-
736, Hitachi). Osmolality was measured with a freezing point
osmometer (OM-6010; Kyoto-Daiichi-Kagaku, Kyoto, Japan).
Tissue preparation
One kidney (right or left) of an animal from each group was
used for one of the following determinations, the measurement of
organic osmolytes and electrolytes, the extraction of mRNA or the
analysis of aldose reductase enzymatic activity. The number of
experiments is depicted in the Figure legends.
Kidney tissue extracts were prepared using a method previously
described [8, 9]. In brief, kidneys were rapidly removed and sliced.
For determination of organic osmolytes, the inner medullary
tissues were dissected from the kidney slices, lyophilized for 24
hours, and weighed to determine dry weight. The water content of
tissue was calculated by the difference between the wet and dry
weights. Dried sections were homogenized with a glass homoge-
nizer in 3 ml of cold 7% perchloric acid. Homogenates were
centrifuged for 20 minutes at 4°C. Pellets were then dissolved in
0.25 N NaOH and tested for protein content with the Bio-Rad
protein assay (Bio-Rad Labs, Richmond, CA, USA). Bovine
y-globulin was treated in an identical fashion and used as the
protein standard. Tissue Na and K were determined in the
supernatants of perchloric acid extracts using a two-wavelength
atomic absorption spectrophotometer (TYPE-308, Hitachi).
High-performance liquid chromatography
Betaine, glycerophosphoiylcholine (GPC), sorbitol, myo-inosi-
tol and taurine were measured in tissue extracts by high-perfor-
mance liquid chromatography (HPLC) [8]. The tissue superna-
tants from the centrifugation step were neutralized with 2.0 N
KOH to a pH of approximately 7.0 and passed through a Sep-Pak
C18 cartridge (Waters, Milford, MA, USA). This step removed
substances that might damage the HPLC column. Some extracts
were placed on a 1 ml AG1-X4 (hydroxyl form) column, and
betaine and myo-inositol were eluted with 4 ml of water (unbuf-
fered). This ion-exchange column retained unidentified peaks that
otherwise appeared near betaine and myo-inositol on HPLC [10].
Organic osmolytes were measured in the processed extracts by
HPLC with the use of a Sugar-Pak Ca column (Nippon Waters,
Tokyo, Japan). Amino acids were measured with a high-speed
amino acid analyzer (L-8500, Hitachi) in the same samples diluted
with the same volume of 0.04 N HC1.
Assay of aldose reductase activity
Inner medullary tissues were homogenized in 10 mvi N-2-
hydroxyethylpiperazirie-N '-2-ethanesulfonic acid (HEPES), 5 mM
ethylene glycol-bis(beta-aminoethylether)-N,N,N',N'-tetraacetic
acid (EGTA), 2 mivi EDTA and 2 mrvi dithiothreitol, pH 6.2, using
a glass homogenizer. Homogenates were centrifuged at 12,000
rpm for 10 minutes at 4°C. Aldose reductase enzyme assays were
performed using the supernatant. Aldose reductase activity was
assayed spectrophotometrically at 25°C in 10 m potassium
phosphate (pH 6.2) by monitoring the decrease in absorbance of
100 m (initial) NADPH at 340 nm using 10 mrvi DL-glyceralde-
hyde as a substrate [Ii]. Aldose reductase activities were ex-
pressed as nmoles NADPH consumed per minute per kg protein.
Northern blot analysis
Total RNA was isolated from papillary tissue from one kidney
by acid guanidium thiocyanate-phenolchloroform extraction as
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Fig. 1. Effect of potassium depletion on medullaty content of sorbitol (A), activity of aldose reductase (B), and abundance of mRNA (C) during water
deprivation. A. Content of sorbitol in inner medullary of control vs. potassium-depleted rats subjected to no hyperosmosis or water deprivation. Values
are means SE of 6 rats in each group. B. Aldose reductase enzymatic activity in inner mcdullary tissues in the same experiments as shown in A. Values
are means SE in 6, 10, 9 and 12 rats in groups C+No hyperosm, KD+No hypcrosm, C+dehydration, and KD+dehydration, respectively. C. Aldose
reductase mRNA abundance in inner medullary tissues in the same experiments above. Upper panel is an example of Northern blot analysis of aldose
reductase RNA extracted from the kidneys of control and potassium-depleted rats subjected to water deprivation. The two left lanes are from control
rats and the right two lanes are from the potassium-depleted rats. The middle panel shows the gels stained with ethidium bromide (Ft-Br) for 28S and
18S RNA. Lower panel shows the relative levels of mRNA. For the analysis of each blot, the relative change to the pooled RNA from dehydrated rats
in densitometry scores were calculated. Values are means SE of 9, 7, 8 and 7 rats in groups C+No hyperosm, KD+No hyperosm, C+dehydration,
and KD+dehydration, respectively. Abbreviations are: C, control; KD, potassium depletion, No hyperosm, no hypcrosmotic stress; NS, not significance.
*p < 0.05, °°P < 0.01 significantly different vs. control.
described previously [121. For Northern analysis, 10 .tg of RNA
was separated on a 1% agarose formaldehyde gel and transferred
to a nylon membrane (Hybond-N 153; Amersham Japan, Tokyo,
Japan). Pooled RNA prepared from inner medullary tissues of
dehydrated rats was also used in each analysis for the normaliza-
tion of several experiments of Northern blot. Synthesized oligo-
nucleotides corresponding to bases 923 to 972 of eDNA for rat
aldose reductase was labeled with T4 polynucleotide kinase using
[y-32P]ATP (3000 Ci/mmol; Amersham Japan) [13]. Hybridiza-
tion was carried out at 65°C in 6 X SSC (standard saline citrate),
0.1% SDS (sodium dodecyl sulfate) and 10 X Denhardt's solution.
The blot was washed three times at 65°C for 30 minutes in 6 X
SSC and 0.1% SDS. Levels of aldose reductase mRNA were
quantified using film autoradiographs and computer-assisted den-
sitometry [141.
Calculations and data presentation
Results are shown as mean SEM. Statistical significance of
differences between groups was determined using Student's I-tests
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Table 1. Changes in body weight resulting from the infusion of NaCI
or KCI solution
N
Body wt. g
Before After Change %
Na infusion
C 8 355.1 22.7 311.9 20.6 —12.2 0.6
KD 8 328.8 17.2 294.5 18.3 —10.4 0.5a
K infusion
C 10 363.5 21.6 314.5 20.9 —13.5 0.6
KD 10 339.1 12.6 302.4 11.4 —10.8 04b
Values are means SD; N, number of experiments. Percentages were
calculated by dividing differences in body weight by the weight before Na
or K infusion. Abbreviations are: C, control; KD, potassium depletion.
a p < 0.05, h P < 0.01, significantly different vs. control
for unpaired analysis. A level of P < 0.05 was taken to indicate a
statistically significant difference.
Results
Untreated and water deprived animals
Aldose reductase activity and mRNA abundance in the proto-
col of no hyperosmosis (untreated) did not differ significantly
between the control and the potassium-depleted rats, although
the medullary sorbitol content was less in the potassium-depleted
rats.
Previous experiments revealed inner medullary organic os-
molytes content as well as urine osmolality to be less in potassium-
depleted rats during dehydration as compared with control rats.
(Fig. 1 A; only sorbitol data shown). The present study confirmed
those findings. To discover if the decrease in sorbitol content is
due to a reduction in aldose reductase mRNA abundance and
enzyme activity, these parameters in the inner medulla were
measured in potassium-depleted rats subjected to water depriva-
tion. In the protocol of water deprivation, aldose reductase
activity as well as mRNA abundance were significantly decreased
in the potassium-depleted versus the control rats (Fig. 1 B, C).
Thus, a reduction in aldose reductase mRNA abundance ac-
counted for the decreased medullary content of sorbitol.
Na/K infitsion protocol
Metabolic parameters. In either protocol of NaCI or KCI infu-
sion, the reduction in body wt was significantly lower in the
potassium-depleted versus the control rats (Table 1). In the
protocol of NaCl infusion, the serum potassium concentrations in
potassium-depleted animals were significantly lower than control,
but serum urea concentration was significantly higher in potassi-
um-depleted rats (Table 2). There were no significant difference
in serum sodium and osmolality between control and potassium
depletion groups. Potassium depletion did not affect any serum
parameters during potassium infusion.
Urine samples. In Na infusion protocol, levels of sodium,
potassium, and urea in the urine as well as urine osmolality were
comparable to the findings in our previous studies (Fig. 2) [3, 9,
15. In the protocol of NaC1 infusion, urine potassium concentra-
tion were decreased in potassium-depicted rats, but other param-
eters were not. There was no significant difference in any urine
parameters in the protocol of KCI infusion.
Tissue samples. Following the sodium infusion, the medullary
contents of sodium and urea were significantly lower in the
Table 2. Serum concentrations of sodium, potassium, and urea and
osmolality
Na K Urea
mM
.
Osmolaity
niOsm/kgmEq/liter
Na infusion
C 152 2 4.0 0.1 6.9 0.5 316 5
KD 159 4 3.3 0.Oa 9.3 1.2 334 8
K infusion
C 152 2 5.2 0.2 8.8 0.5 322 5
KD 151 1 5.2 0.1 9.1 0.6 316 4
Values are means SE. Numbers of determinations were the same as
Table 1.
ap < 0.01, significantly different vs. control
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Fig. 2. Effect of potassium depletion on urine concentrations of sodium,
potassium and urea, and urine osmolality during infusion of sodium or
potassium. Values are means SE of 7, 8, 8 and 9 rats in groups C+Na
infusion (El), KD+Na infusion (•), C+K infusion (), and KD+K
infusion (), respectively. Abbreviations are: C, control; KD, potassium
depletion. < 0.01, significantly different vs. control.
potassium-depleted versus the control rats (Fig. 3). Following the
potassium infusion in potassium-depleted rats, the medullary
content of sodium was decreased compared to control rats infused
with potassium. No significant differences in medullary potassium
and water contents were seen between the control and the
potassium-depleted rats.
Tissue osmolytes. The infusion of hypertonic NaC1 or KC1
solution increased the inner medullary contents of sorbitol as well
as of other organic osmolytes in control as well as the potassium-
depleted rats. Following the NaC1 infusion, however, the medul-
lary contents of myo-inositol, taurine, sorbitol and GPC were
significantly lower in the potassium-depleted rats versus the
control (Fig. 4). The difference in betaine content between the
control and the potassium-depleted rats was not significant. No
significant differences in the medullary contents of all organic
osmolytes including sorbitol were observed following the KCI
infusion.
Aldose reductase activity and mRNA abundance. Infusion of
sodium or potassium in potassium-depleted rats did not increase
aldose reductase activity to the level of the control rats, although
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Fig. 3. Effect of potassium depletion on medullaty contents of sodium,
potassium, urea and water during infusion of sodium or potassium. Values
are SE of 8, 7, 9 and 9 rats n grou a infusion (s), KD+Na infus
(s), infusion (), and  sion ( respectively. Abbrevi -
tions r : , control; K , tassium depletion. *   0.0   ** 0.01,
significantly different vs. control.
Fig. 4. Effect of potassium depletion on the contents of organic osmolytes in
the inner medulla during infusion of sodium or potassium. Values are
means SE of 8, 7, 9, and 9 rats in groups C+Na infusion (D), KD+Na
infusion (•), C+K infusion (n), and KD+K infusion (), respectively.
Abbreviations are: C, control; KD, potassium depletion. *p < 0.05 and
0.01, significantly differcnt vs. control.
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Fig. 5. Effct of potassium depletion on a/dose reductase activity during
infusion of sodium or potassium. Values are means SE of 11, 11, 9 and 12
rats in groups C+Na infusion, KD+Na infusion, C+K infusion, and
KD+K infusion, respectively. Abbreviations are: C, control; KD, potas-
sium depletion. *p < 0.05 and ** < 0.01, significantly different vs.
control.
Na infusion K infusion
Fig. 6. Effect of potassium depletion on aldose reductase activity during
infusion of sodium or potassium. Upper panel is an example of Northern
blot analysis of aldosc reductase RNA extracted from the kidneys of
control or potassium-depleted rats subjected to water deprivation. The
two left lanes are from the control rats, and thc right two lanes are from
the potassium depletion group. The middle panel shows the ethidium
bromide-stained gel (Et-Br) for 28S and 18S RNA. Lower panel shows the
relative mRNA abundance. For the analysis of each blot, the relative
change to the pooled RNA from dehydrated rats in densitometry scores
were calculated. Values are the means Sc of 10, 11, 7 and 7 rats in
groups C+Na infusion, KD+Na infusion, C+K infusion, and KD+K
infusion, respectively. Abbreviations are: C, control; KD, potassium
depletion. **p < 0.01, significantly different vs. control.
decrease in the accumulation of osmolytes in the inner medulla
might cause a renal concentrating defect. We previously showed
that a defect in urine concentration in potassium-depleted rats
was associated with a reduction in the inner medullary contents of
organic osmolytes [3J. Since the intracellular solute must he
balanced with the extracellular hyperosmolality, the difference
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they were higher than the level before the infusion protocol (data
not shown) (Fig. 5).
Infusion of potassium to control rats increased the abundance
of aldose reductase mRNA similar to the sodium infusion (Fig. 6).
Aldose reductase mRNA abundance were significantly lower
following NaCI infusion in potassium-depleted rats. The potas-
sium infusion restored the level of mRNA in the potassium-
depleted rats.
Discussion
Although a renal concentrating defect is a consistent finding in
potassium depletion, the mechanism is not well understood. We
hypothesized that in the potassium-depleted animals a delay or a
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between the increase in these extracellular parameters, that is,
urine and tissue sodium, and the change in organic osmolytes
caused by water deprivation or by sodium infusion is inevitably
small. Thus, we could not determine directly whether a decreased
accumulation of organic osmolytes caused urine concentration
defect or a decrease in medullary tonicity reduced the need for
organic osmolytes.
In the present study, we demonstrated that a decrease in
sorbitol, an organic osmolyte in the renal medulla, was caused by
a reduction in aldose reductase mRNA abundance in potassium-
depleted rats that were subjected to water deprivation. The
medullary content of sorbitol, and aldose reductase activity and
mRNA abundance were all significantly lower in potassium-
depleted rats even when they received an equal load of NaCl. The
infusion of KC1 for 48 hours restored sorbitol content and the
aldose reductase mRNA abundance to the level in controls, but
the activity of aidose reductase was significantly decreased in
potassium-depleted rats, although it appeared to be higher than
the protocol of NaCl infusion. We don't know the exact mecha-
nism of the discrepancy between enzyme activity and message
level or sorbitol content. Not only the synthesis and degradation
of sorbitol, but also those of aldose reductase should be taken into
consideration.
The medullary sodium content was significantly decreased in
the potassium-depleted rats, both after the potassium infusion
and after the sodium infusion. Gutsche, Peterson and Levine
demonstrated that sodium transport in the thick ascending limb of
the potassium-depleted rats was impaired and could be corrected
by the acute administration of potassium [161. In the present
study, KCI infusion for 48 hours failed to increase the tissue
sodium content, probably due to the negative sodium balance
during the depletion of potassium and the absence of Na intake or
fasting during the potassium infusion.
The discrepancy of the medullary sodium content and the level
of aldose reductase mRNA might be explained by the results of a
previous study using rabbit papillary cells. In PAP-HT 25 cells
exposed to a medium made hyperosmotic by the addition of NaCI,
there is an accumulation of sorbitol due to an elevation in the
levels of aldose reductase niRNA and enzymatic activity. Extra-
cellular Na and Cl need not be elevated because hyperosmolal
raffinose in the medium is as effective as NaCI. The raffinose
remains extracellular and causes the cells to shrink with a
resultant elevation in the concentration of the potassium and
sodium salts within the cells. Smardo, Burg and Garcia-Perez
suggest that intracellular concentrations of sodium plus potassium
(or the intracellular ionic strength) may signal changes in the rate
of aldose reductase transcription in PAP-HT25 cells [4]. In the
present study we did not measure directly the intra- and extracel-
lular concentrations of sodium and potassium, and the medullary
potassium content did not differ significantly between control and
potassium-depleted rats in both infusion protocols; although we
may assume that sodium is mainly extracellular, potassium is the
principal intracellular cation, and potassium infusion restores the
intracellular potassium concentration. Therefore, we could not
directly conclude that intracellular potassium or electrolytes
linked to the level of aldose reductase mRNA in vivo. Further
investigation is needed to clarify the relationship between the
intracellular electrolytes and the transcription of aldose reductase
mRNA.
When PAP-HT 25 cells are exposed to high concentrations of
NaC1, increased transcription is mainly responsible for the eleva-
tion in aldose reductase mRNA induced by such hypertonicity.
The stability of this mRNA does not differ whether the cells are
maintained in an isotonic or hypertonic medium [41. These
observations suggest that a decline in transcription may decrease
the mRNA abundance during potassium deficiency. However, we
cannot exclude the possibility that aldose reductase mRNA is
degraded during potassium depletion.
The medullary content of myo-inositol and taurine was also
decreased in potassium-depleted rats administered the sodium
solution. However, the infusion of potassium restored them to
control levels. Myo-inositol, betaine, and taurine are compatible
organic osmolytes that accumulate in renal cells via an increased
transport mechanism, as demonstrated in MDCK cells [10, 17,
181. The cDNA for each cotransporter has been cloned [19]. Assay
of mRNA level in these cells of myo-inositol, betairie, and taurine
transporter reveal that shifts in tonicity have a major effect. If the
mechanism of the accumulation of organic osmolytes in MDCK
cells holds true in the renal inner medulla, we suggest that
transcription of the transporters may be decreased in potassium-
depleted rats as observed in aldose reductase.
Medullary content of GPC was also decreased during potassium
depletion even after the infusion of hypertonic sodium, but was
restored by potassium infusion. We previously demonstrated that
the GPC content was well correlated with tissue and urine urea
[151. In the present study, medullary urea content was significantly
lower in the potassium-depleted rats that were subjected to
sodium infusion. The infusion of hypertonic potassium increased
the medullary urea content comparable to the control level. Thus,
the contents of urea paralleled that of GPC in the present as well
as previous studies [15, 201. The mechanism of the failure to
accumulate urea in medullary tissue in potassium depletion is not
well defined. The reabsorption of urea in the papillary duct was
observed to be normal [211. This suggests that an impairment of
urea recirculation in the renal medulla is likely to be linked to
potassium.
While the difference in tissue urea content between the control
and the potassium-depleted animals was significant in the present
study, it was less marked in our earlier experiment [3]. This
difference may be due to the concentration of NaCl infused
(4.08% vs. 3.5%) and the duration of infusion (48 hr vs. 72 hr).
The change in protocol is explained in the Methods section.
In summary, our experimental results indicate that aldose
reductase mRNA abundance, that is, the upstream of sorbitol
synthesis, is significantly decreased in potassium depletion irre-
spective of mcdullary sodium content. A decrease in organic
osmolytes may precede the impairment of urinary concentration.
This is the first study to describe the relationship between a
potassium deficiency and aldose reductase, an osmoregulatory
protein, in the kidney in situ.
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